The study of the multipolar interactions concerning the 4f shell has known a great development about rare earth intermetallic compounds [I] . It involves the complex cohabitation of i) the 4f electron-lattice coupling which gives rise to the usual crystal field acting on the rare-earth, as well as to the one-ion magnetoelastic coupling; ii) the bilinear and quadrupolar pair interactions between different sites leading to possible long-range ordering The aim of this review is to present a survey of the experimental manifestations of the one-ion magnetoelastic and the two-ion quadrupolar interactions; both couplings involve the orbital character of the 4f shell through its quadrupolar components.
The Hamiltonian
neglect any anharmonic or two-ion magnetoelastic coupling which may however play a role in some particular cases.
The next term in ' FI involves the total angular momentum J through the Zeeman coupling -gj pg H . J as well as the isotropic bilinear Heisenberg-type Hamiltonian: 2 'FIB = -( g~ pg) n (J) . J = -gj p~ n M . J .
Within the mean field approximation (MF-4), n is the bilinear exchange parameter. In the same way, the 4f quadrupoles may be coupled between each other through direct or indirect mechanisms (see paragraph 4), leading to the general expression in the MFA:
The existence of non quenched orbital moments in where the KP'S are the two-ion quadrupolar paramethe rare earth ions leads to anisotropic magnetic propters. erties. A classical description of these properties is no longer valid. In a auantum formalism, the 4f shell is -represented by wavifunctions expanded in the I J, MJ) basis. The appropriate Harniltonian, 7i which deter-2. Treatment of the Hamiltonian mines these wavefunctions, includes several terms associated with the various interactions in presence. The first term to be considered is the Crystalline Electric Field (CEF) Hamiltonian which may be expressed as a function of linear combinations 0, of the Stevens operators [2] :
where the AP1s are the CEF parameters. The number and the detailed form of the 0,'s depend on the point symmetry of the rare earth site under consideration. This CEF term may be modulated by the strain through the one-ion Hamiltonian In this expression, the Q,' s represent proper combinations of the second-order Stevens operators, which are coupled with the corresponding symmetrized strain E, through the magnetoelastic coefficients Bp. Here we There is two ways to use the above Hamiltonian to describe the magnetic properties. First a diagonalization can be performed in a self-consistent manner. This allows us to determine the magnetization and magnetostriction processes, in particular in the ordered phase or in large external stresses (magnetic field or external pressure). The second possibility is to apply perturbation theory in order to describe both magnetic and magnetoelastic properties in the nonordered phase and in small external stresses. An analytical expansion of the free energy F p is then derived as a function of the magnetic field H and of the strain E,, for a given symmetry:
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This expression involves several CEF single-ion susceptibilities x F ) , which connect specifically the various thermodynamical variables M and Q, to H and E, ; this will lead to specific expe~iments (see below).
The low temperature behaviour of these susceptibilities appears to be dominated by CEF effects. Especially they provide us with informations about the magnetic and quadrupolar character of the lowest CEF levels, giving rise to Curie-type, van Vleck-type or more complex behaviours as it will be shown below.
Experimental manifestations
The magnetoelastic and quadrupolar couplings manifest themselves through a great variety of effects. The most spectacular evidence is the quadrupolar ordering at which the quadrupoles become coherently aligned without any simultaneous magnetic ordering. This has been observed in a few cubic rare earth compounds, where, because of the symmetry, no quadrupolar component exists spontaneously. Due to the magnetoelastic coupling, a symmetry lowering may then occur and reflect the symmetry of the quadrupole arrangement.
Large orbital couplings and weak bilinear interactions are necessary to reveal such situations, which thus appear at each end of the lanthanide sequence: TmZn [3] , TmCd [4] , CeAg [5] and PrCu2 [6] order ferroquadrupolarly, while PrPb3 [7] , CeBe [8] and TmGa3 [9] exhibit antiferroquadrupolar ordering. In these latter two compounds, the non-collinear arrangement of the 4f quadrupoles is evidenced not directly, but either through the ferrimagnetic spin structure induced by an external magnetic field [lo] , or through the multiaxial spin arrangement which takes place at a lower temperature [ll] .
In the presence of competing bilinear and quadrupolar interactions, different magnetic and/or quadrupolar phases may occur according to the relative strength of the associated coupling parameters n and Gp. In cubic symmetry for example, a complex phase diagram can be obtained as a function of the two possible total quadrupolar parameters Gp = ( B ' )~ / C : + K p (,u = 7, E ; see Fig. 1 ). In addition to purely quadrupolar phases, two kinds of magnetic phases may exist: the phases b~ and b p are issued from the magnetic I $ ) triplet ground state; in the phase C Q , a magnetic moment is induced on the non-magnetic level, which is isolated as the ground state in the quadrupolar phase 5 ) ) , the order of the transition is directly related to the sign of the following combination of the CEF susceptibilities at the critical temperature [13] : This expression includes a purely CEF term, x;), and an additional quadrupolar contribution depending on the GP's. A positive GP value may then drive the transition to be first-order if its contribution to Xg;, is larger than the modulus of xf), this latter term being usually negative. This is well-illustrated in the pnictides series TbX 1141, where the quadrupolar coupling, which increases along the sequence X=Bi, Sb, As and P, drives the antiferromagnetic ordering to be first-order for the two latter compounds XE;, > 0) , while it is second-order G7 value leads to a negative total susceptibility x$,, explaining the second-order character of the transition, as observed [15] .
This MFA analysis of the magnetic transitions has met a great success in many compounds as soon as quadrupolar interactions were properly taken into account.
Several other experimental manifestations of the quadrupolar interactions are directly related to the various xjl")'s. Indeed, by minimizing F p with regard to the variables M, Q,, ..., one obtains relations which couple these latter with the external stresses. First, the quadrupolar field-susceptibility ~f ) connects Q,, then the strain E,, to the magnetic field:
The associated experimental technique is called the parastriction, i.e. the measurement of the relative change of length X in an external magnetic field, in the paramagnetic phase 1161. A good example is provided by TmZn where strong anisotropic quadrupolar effects are obvious, with, in particular, large deviations in tetragonal symmetry (see Fig. 3) . A spectacular situation may occur when x?) changes its sign at low temperature, due to the quadrupolar character of the CEF ground state (Fig. 4) : this "reverse magnetostriction" was observed for example in Ce,Lal-,X, with X=Sb [18] , Bi [19] .
The strain susceptibilities X , represent the response of the quadrupolar moments to the corresponding stress, leading to a softening of the elastic constants through the relation: Such softenings, extensively studied in many compounds since the early 70's (see Fig. 5 ), constitute the most direct determination of the magnetoelastic and two-ion quadrupolar couplings because it is not perturbed by any magnetic effect which may arise in the presence of a magnetic field [21, 221. A third experimental technique related to the susceptibility formalism involves the analysis of the initial curvature ~g ) of the magnetization curves, i.e. the third-order magnetic susceptibility:
The anisotropic behaviour of X g ) is demonstrated in figure 6 about PrPba.
The quadrupolar interactions may also determine the actual magnetic structure through their contribution to the free energy. In particular, the presence of antiferroquadrupolar (negative) interactions may stabilize multiaxial spin structures rather than collinear arrangements. This has been proved for example by neutron diffraction in magnetic field in TmGa3 (see Fig. 7) . Consequently, as the quadrupolar symmetry is cubic, no spontaneous tetragonal distortion occurs in spite of a quite sizeable magnetoelastic coefficient B7. 
Discussion
The relevance of the Harniltonian 3t has been proved in several rare earth intermetallic series by consistent determinations of the various parameters involved, from independent experimental ways [I] . The one-ion magnetoelastic coefficients deduced from the literature for cubic compounds are collected in figure 8 . Their order of magnitude across a given series does not exhibit drastic variations, when they are normalized by the Stevens factor C Y J , particularly for the CsC1-type compounds. For a given series, the two coefficients By and Be are of opposite sign, with only few exceptions. This suggests a dominant role for the point charge contributions to determine the magnetoelastic coupling.
However, the expected point charge ratio Be / By = -4 1 6 is far to be satisfied. This failure, together with the detailed variation of the BP's across a given series, clearly indicates the important contribution of the conduction electrons 1241. There are less systematic studies of the quadrupolar pair interactions than of the magnetoelastic coupling. In CsC1-type compounds, the tetragonal-type parameters K Y often dominate the magnetoelastic coupling and are always positive while the K E is negative. On the contrary, in TbX pnictides, the trigonal-type coupling Kc is positive and dominates the one-ion magnetoelasticity. Oppositely to the Jahn-Teller compounds, where the negative two-ion quadrupolar parameters arise from a coupling via the phonons, the strong positive values observed in rare-earth intermetallics can only be attributed to a coupling mediated by the conduction electrons [25, 261. From the numerous and various effects of the magnetoelastic coupling and of the two-ion quadrupolar interactions on the magnetic and elastic properties, it is clear that the existence of such couplings is quite general in rare earth intermetallic compounds, and they often need to be included to quantitatively understand the properties of these systems.
